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1

BRAKE CONTROL DEVICE AND BRAKE
CONTROL METHOD

TECHNICAL FIELD

The present invention relates to a brake control device for
a vehicle, and to a brake control method.

BACKGROUND ART

In the prior art, with an electrically propelled vehicle such
as an HEV (a hybrid electric vehicle) or an EV (an electric
vehicle) or the like, generally, during braking, regenerative
braking 1s used together with friction brakes that are oper-
ated by fluid pressure. In Patent Document #1, a control
device for an electrically propelled vehicle 1s disclosed with
which 1t 1s anticipated to stabilize the behavior of the vehicle
during regenerative braking by performing coordinated
regeneration control in which a master cylinder provided on
the upstream side and brake actuators that are provided on
the downstream side are employed 1n parallel with regen-
erative braking.

CITATION LIST

Patent Literature

Patent Document #1: Japanese Laid-Open Patent Publi-
cation 2011-223648.

SUMMARY OF INVENTION

Technical Problem

With the control device disclosed in Patent Document #1
described above, the coordinated regeneration control is
performed by determining a regeneration torque such that
the braking torque distribution upon the regenerative brak-
ing wheels does not become excessive, and a Irictional
braking torque 1s calculated and the brake actuators are
controlled so as to supplement the amount of shortage of this
regeneration torque for providing a target braking torque.
However, with this type of control method, it 1s not possible
to optimize the upstream braking pressure due to the master
cylinder and the downstream braking pressures due to the
brake actuators according to the state of the vehicle, and
because of this 1t 1s not possible to provide high braking
performance.

The present invention has been conceived 1n consider-
ation of problems such as described above, and 1ts principal
object 1s to implement coordinated regeneration control with
which 1t 1s possible to provide high braking performance.

Solution to Technical Problem

A brake control device according to an aspect of the
present invention 1s mounted to a vehicle that comprises a
pair of driving wheels and a pair of non-driving wheels. The
vehicle to which this brake control device 1s mounted
includes: a plurality of brake devices, one provided to
correspond to each one of the driving wheels and the
non-driving wheels, that provide braking forces to the
wheels due to brake tluid pressures; a master cylinder that
generates a common upstream brake pressure for the brake
devices; brake actuators that generate individual down-
stream brake pressures for the brake devices on the basis of
the upstream brake pressure; and a regenerative braking unit
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2

that performs regenerative braking for the driving wheels.
The brake control device controls the upstream brake pres-
sure¢ and the downstream brake pressures so that, during
regenerative braking by the regenerative braking unit, the
downstream brake pressures to the brake devices corre-
sponding to the driving wheels are reduced to be lower than
the upstream brake pressure, and the downstream brake
pressures to the brake devices corresponding to the non-
driving wheels are increased to be higher than the upstream
brake pressure.

A brake control method according to an aspect of the
present invention 1s adapted to a vehicle that includes a pair
of driving wheels and a pair of non-driving wheels, and that
turther includes: a plurality of brake devices, one provided
to correspond to each one of the driving wheels and the
non-driving wheels, that provide braking forces to the
wheels due to brake fluid pressures; a master cylinder that
generates a common upstream brake pressure for the brake
devices; brake actuators that generate individual down-
stream brake pressures for the brake devices on the basis of
the upstream brake pressure; a regenerative braking unit that
performs regenerative braking for the driving wheels; and a
brake control device that controls the upstream brake pres-
sure¢ and the downstream brake pressures. In this brake
control method, during regenerative braking by the regen-
erative braking unit, the upstream brake pressure and the
downstream brake pressures are controlled by the brake
control device, so that the downstream brake pressures to the
brake devices corresponding to the driving wheels are
reduced to be lower than the upstream brake pressure, and
the downstream brake pressures to the brake devices corre-
sponding to the non-driving wheels are increased to be
higher than the upstream brake pressure.

Advantageous Effects of Invention

According to the present invention it 1s possible to 1imple-
ment coordinated regeneration control that 1s capable of
providing high braking performance.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a figure showing the system structure of an
electric vehicle;

FIG. 2 1s a figure showing the details of calculation by an
integrated ECU;

FIG. 3 1s a figure showing the structure of a portion related
to coordinated regenerative braking control;

FIG. 4 1s a figure showing a summary of coordinated
regenerative braking control according to a driving wheel
braking force correction method;

FIG. 5 1s a figure showing a summary of coordinated
regenerative braking control according to a non-driving
wheel braking force correction method;

FIG. 6 1s a figure showing a summary of coordinated
regenerative braking control according to a front and rear
wheel braking force correction method of the present inven-
tion;

FIG. 7 1s a figure showing control blocks of coordinated
regenerative braking control according to the front and rear
wheel braking force correction method;

FIG. 8 1s a figure showing a flow chart of calculation for
coordinated regenerative braking control according to the
front and rear wheel braking force correction method;

FIG. 9 1s another figure showing a flow chart of calcula-
tion for coordinated regenerative braking control according
to the front and rear wheel braking force correction method;
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FIG. 10 1s yet another figure showing a flow chart of
calculation for coordinated regenerative braking control

according to the front and rear wheel braking force correc-
tion method:;

FIG. 11 1s a figure showing an example of transient
behavior when the brake pedal stepping-on amount 1s
increased;

FIG. 12 1s a figure showing an example of transient
behavior when the brake pedal stepping-on amount 1s
returned;

FIG. 13 1s a conduit diagram for the brake system:;

FIG. 14 1s a figure showing the operation of the brake
system 1n 1ts 1nitial state;

FIG. 15 1s a figure showing the operation of the brake
system when the pressure has been raised by a pump;

FIG. 16 1s a figure showing the operation of the brake
system when the pressure of the brake fluid to the wheel
cylinder on the right rear wheel side has been raised;

FIG. 17 1s a figure showing the operation of the brake
system when the pressure of the brake fluid to the wheel
cylinder on the left front wheel side has been reduced;

FIG. 18 1s a figure showing a summary of coordinated
regenerative braking control according to a second embodi-
ment; and

FIG. 19 1s a figure showing processing for selecting a
target braking force distribution.

DESCRIPTION OF EMBODIMENTS

Embodiment #1

A first embodiment of the present invention will now be
explained. FIG. 1 1s a figure showing the system structure of
a vehicle 100 that 1s an electric vehicle of the FF (front
motor, front drive) type, to which 1s mounted a brake ECU
102 that serves as a brake control device according to the
present mvention.

As shown i FIG. 1, this vehicle 100 comprises an
integrated ECU 101, a brake ECU 102, a motor ECU 103,
a battery ECU 104, an air conditioning ECU 105, an inverter
106, a battery 107, an air conditioner 108, a motor 109 and
a reduction gear 110. Furthermore, the vehicle 100 com-
prises a pair of front wheels 112a provided at the two ends
ol a wheel shait 111 that 1s connected to the reduction gear
110, a pair of rear wheels 1125, and pairs of brake devices
113a and 1135 that are respectively provided to correspond
to these pairs ol wheels.

Signals of various kinds outputted from the vehicle 100
related to various states of the vehicle are mputted to the
integrated ECU 101, such as, for example, a vehicle speed
signal, an accelerator opening amount signal, a brake pedal
signal, a steering wheel angle signal, an energy saving mode
signal, an external air temperature signal, and so on. In the
following “vehicle state signals” will be employed as a
generic term for these signals mputted to the integrated ECU
101. On the basis of these vehicle state signals, the inte-
grated ECU 101 calculates control command values of
various types, and transmits corresponding control com-
mand values to the brake ECU 102, the motor ECU 103, the
battery ECU 104, and the air conditioning ECU 1035 respec-
tively.

The brake pedal signal, which corresponds to the amount
of actuation of the brake pedal of the vehicle 100, 1s inputted
to the brake ECU 102. On the basis of this brake pedal signal
and control command values of various types such as a
braking command and a target regenerative braking force
and so on that are outputted from the integrated ECU 101
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according to requirements, the brake ECU 102 controls the
brake pressures to the brake devices 1134 and 1135, so as to
ensure that the desired braking force 1s obtained for each of
the wheels of the vehicle 100. It should be understood that
the contents of the control performed by this brake ECU 102
will be described in detail hereinatter.

On the basis of a motor drive command value outputted
from the imtegrated ECU 101, the motor ECU 103 com-
mands the mverter 106 to produce electrical power at a
required level for supply to the motor. And, according to this
command from the motor ECU 103, the inverter 106 con-
verts DC power supplied from the battery 107 into AC
power, and outputs that AC power to the motor 109. The
motor 109 operates using this AC power from the inverter
106, and generates motor driving force. This motor driving
force generated by the motor 109 1s transmitted to the front
wheels 112a, 1.e. to the driving wheels, via the reduction
gear 110 and the wheel shaft 111. Due to this, the front
wheels 112q are rotated and the vehicle 100 1s propelled.

It should be understood that, with this vehicle 100, 1t 1s
also possible for regenerative braking force to be obtained
due to the motor 109 being caused to perform regenerative
braking according to a command from the motor ECU 103.
During such regenerative braking, the motor 109 1s operated
as a generator by drive force that 1s transmitted from the
front wheels 112a via the wheel shaft 111 and the reduction
gear 110, so that AC power 1s generated from the motor 109.
After having been converted into DC power by the inverter
106, this AC power charges up the battery 107.

The battery ECU 104 monitors the voltage, the tempera-
ture, the state of charge (SOC) and so on of the battery 107,
and performs management of charging and discharging and
diagnosis of anomalies and so on. Moreover, according to
requirements, the battery ECU 104 gathers battery informa-
tion of various kinds from the battery 107 according to a
command from the integrated ECU 101, and outputs this
battery information to the integrated ECU 101.

And the air conditioning ECU 105 measures the air
temperature 1n the passenger compartment of the vehicle
100, and outputs this internal air temperature to the inte-
grated ECU 101. The mtegrated ECU 101 determines a
target passenger compartment air temperature on the basis of
the result of this measurement of the passenger compartment
internal air temperature, the operational state of the vehicle
100, the charge state of the battery 107, and so on, and
outputs an air temperature adjustment command to the air
conditioning ECU 105. The air conditioning ECU 105
controls the air conditioner 108 on the basis of this tem-
perature adjustment command, and thereby regulates the air
temperature 1n the passenger compartment of the vehicle
100.

FIG. 2 1s a figure showing the details of calculation by the
integrated ECU 101 of FIG. 1. Functionally, the integrated
ECU 101 comprises: a higher ranking integrated control unit
201 that internally includes control modules such as a
vehicle motion control unit 202, an energy management unit
203, and a fail sate unmit 204; and a regenerative braking
control unit 206, a target motor drive force calculation unit
207, and an interior air temperature adjustment command
unmit 208 that are equivalent to lower ranking control mod-
ules with respect to the integrated control unit 201.

In the mtegrated control unit 201, the vehicle motion
control unit 202 calculates a braking command value and a
target torque value for establishing the desired state of
motion of the vehicle 100 (i.e., for establishing 1its desired
running state), on the basis of the vehicle speed signal, the
accelerator opening amount signal, the steering wheel angle
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signal and so on that are included 1n the vehicle state signals
from the vehicle 100. And these calculated results are
outputted to the brake ECU 102 and to the target motor drive
force calculation unit 207.

The energy management unit 203 decides upon the charge
state of the battery 107 on the basis of the battery informa-

tion from the battery ECU 104. And, on the basis of the
result of this charge state decision, an energy saving mode
signal that 1s included in the vehicle state signals from the
vehicle 100, the result of measurement of the air temperature
in the vehicle passenger compartment from the air condi-
tioming ECU 105, and so on, the energy management unit
203 performs control for appropriately managing the energy
state of the vehicle 100. For example, the energy manage-
ment unit 203 may output a command to the regenerative
braking control unit 206 for mitiating starting of regenera-
tive braking, or may output a command to the interior air
temperature adjustment command unit 208 for setting the
target passenger compartment air temperature according to
the energy state of the vehicle.

On the basis of the vehicle state signal from the vehicle
100 and the battery information from the battery ECU 104,
the fail safe unit 204 determines whether or not an anoma-
lous state of the vehicle 100 1s present. Moreover, if 1t 1s
decided that an anomaly has occurred, then the fail safe unit
204 performs control corresponding to the state of this
anomaly. For example, 1f an anomaly has occurred in the
temperature of the motor 109, then the fail safe unit 204
outputs a command to the target motor drive force calcula-
tion unit 207 1n order to limit the output of the motor 109.

Corresponding to the command from the energy manage-
ment unit 203, the regenerative braking control unit 206
calculates the target regenerative braking force during
regenerative braking, and outputs the result of this calcula-
tion to the brake ECU 102 and to the motor ECU 103. At this
time, the target regenerative braking force is calculated on
the basis of the vehicle speed signal included 1n the vehicle
state signals from the vehicle 100, the battery charge state
(SOC) and the temperature of the battery 107 included in the
battery information from the battery ECU 104, and so on.
Using this result of calculating the target regenerative brak-
ing force, coordinated regenerative braking control that will
be described herematter 1s performed by the brake ECU 102,
and thereby the brake fluid pressures to the brake devices
113a and 11354 are controlled. On the other hand, the inverter
106 1s controlled by the motor ECU 103 on the basis of the
target regenerative braking force, so that 1t 1s arranged for
the motor 109 to be caused to perform regenerative braking,
so that regenerative braking force 1s obtained.

The target motor drive force calculation unit 207 calcu-
lates a motor drive command value on the basis of a target
torque value from the vehicle motion control unit 202, and
outputs the result of this calculation to the motor ECU 103.

And the mterior air temperature adjustment command unit
208 sets a target passenger compartment air temperature
according to a command from the energy management unit
203, and outputs a temperature adjustment command to the
air conditioning ECU 105.

Next, the details of the control performed by the brake
ECU 102 will be explained. As previously described, during
regenerative braking, the brake fluid pressures to the brake
devices 113aq and 1135 are controlled due to coordinated
regenerative braking control being performed by the brake
ECU 102. FIG. 3 1s a figure showing the structure of a
portion of the vehicle 100 related to this coordinated regen-
erative braking control. In the following, the coordinated
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regenerative braking control performed by the brake ECU
102 will be explained with reference to FIG. 3.

Functionally, the brake ECU 102 in FIG. 3 comprises a
coordinated regenerative braking control unit 401, an
upstream brake pressure control umt 402, and a downstream
brake pressure control unit 403. When a brake pedal 203 1s
actuated by the driver of the vehicle 100, a brake pedal
signal that corresponds to the amount of this actuation 1s
outputted to the brake ECU 102. And, 1n the brake ECU 102,
this brake pedal signal 1s inputted to the coordinated regen-
erative braking control unit 401. Moreover, the previously
described target regenerative braking force calculated by the
regenerative braking control unit 206 of the integrated ECU
101 1s also mnputted to the coordinated regenerative braking,
control unit 401 in the brake ECU 102.

The coordinated regenerative braking control unit 401
performs calculations of various types required for coordi-
nated regenerative braking control on the basis of the brake
pedal signal and the target regenerative braking force that
are 1mputted. And the results of these calculations are out-
putted both to the upstream brake pressure control unit 402
and also to the downstream brake pressure control unit 403.
It should be understood that the concrete contents of these
calculations performed by the coordinated regenerative
braking control unit 401 will be explained in detail herein-
aiter.

The upstream brake pressure control unit 402 controls the
operation of a master cylinder 301 on the basis of the
calculation result from the coordinated regenerative braking
control unit 401, and adjusts an upstream brake pressure
generated from the master cylinder 301. The master cylinder
301 supplies pressurized brake fluid (i.e. brake o1l) via
pressure conduits 303, both to the brake devices 1134 of the
front wheels 112a and also to the brake devices 1135 of the
rear wheels 1125, 1n flow amounts corresponding to this
upstream brake pressure after adjustment. It should be
understood that the upstream brake pressure generated by
the master cylinder 301 1s common to the brake devices 113a
and 1135.

The brake fluid supplied to the brake devices 113a and
1135 from the master cylinder 301 1s mnputted to two pairs
ol brake actuators 302a and 3025. The two brake actuators
302a are provided to the pair of front wheels 112a respec-
tively, and generate individual respective downstream brake
pressures for the two brake devices 113a on the basis of the
upstream brake pressure from the master cylinder 301. In a
similar manner, the two brake actuators 3025 are provided to
the pair ol rear wheels 1125 respectively, and generate
individual respective downstream brake pressures for the
two brake devices 1135 on the basis of the upstream brake
pressure from the master cylinder 301.

The downstream brake pressure control unit 403 controls
the operation of the pairs of brake actuators 302a and 3025
on the basis of the results of calculation from the coordinated
regenerative braking control unit 401, and thereby adjusts
the downstream brake pressures respectively generated by
the brake actuators 302a and 302b. According to these
downstream brake pressures aiter adjustment, each of the
brake actuators 302a and 3025 raises or lowers the pressure
of the brake fluid supplied from the master cylinder 301, and
thereby supplies brake fluid to the corresponding one of the
pairs of brake devices 113a and 113/%. In this manner, the
brake devices 113a and 11356 are operated by brake fluid
being supplied from the brake actuators 302a and 302/ to
the brake devices 113a and 1135. As a result, fluid pressure
braking forces, in other words braking forces due to the
brake tluid pressures, are provided from the brake devices
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113a and 1135 to each of the two front wheels 1124 and to
cach of the two rear wheels 1125.

It should be understood that the fluid pressure conduits
303 are divided partway along into two systems. One of
these systems 1s connected between the brake actuator 3024
and the brake device 113a corresponding to the left side
front wheel 1124, and the brake actuator 3025 and the brake
device 1135 corresponding to the night side rear wheel 1125.
And the other of these systems 1s connected between the
brake actuator 302a and the brake device 113a correspond-
ing to the right side front wheel 112a, and the brake actuator
3026 and the brake device 1135 corresponding to the left
side rear wheel 112b. This type of structure for the fluid
pressure conduits 303 1s termed the “X conduit type”.

Brake flmd outputted according to the upstream brake
pressure from the master cylinder 301 1s outputted via each
of the fluid pressure conduits 303 to the brake actuators 302a
and 30256 respectively. And, after these pressures have been
lowered or raised by the brake actuators 302a and 3025 to
the respective downstream brake pressures, they are output-
ted to the respective brake devices 113a and 1135 via each
of the fluid pressure conduits 303.

On the basis of the target regenerative braking force
calculated by the regenerative braking control unit 206 of
the itegrated ECU 101, the motor ECU 103 outputs a
command to the mverter 106 for causing the motor 109 to
perform regenerative braking. The wheel shaft 111 of the
front wheels 1124, 1.¢. of the driving wheels, 1s connected to
the motor 109 via the reduction gear 110. During regenera-
tive braking, the rotational motion of this wheel shaft 111 1s
transmitted to the motor 109 via the reduction gear 110, and
the motor 109 functions as a generator. Due to this, the
motor 109 functions as a regenerating brake, and regenera-
tive braking force 1s obtained for the front wheels 1124
corresponding to the amount of electrical power generated
by the motor 109.

Next, a summary of the coordinated regenerative braking
control performed by the brake ECU 102 will be explained.
FIGS. 4 and 5 are both summaries of coordinated regenera-
tive braking control according to control methods of com-
parison examples, while FIG. 6 1s a summary of the coor-
dinated regenerative braking control according to the present
invention.

FIG. 4 1s a summary of coordinated regenerative braking
control according to a comparison example, this comparison
example being a driving wheel braking force correction
method. As shown i FIG. 4, with this coordinated regen-
erative braking control according to the driving wheel
braking force correction method, a target braking force for
the front wheels and a target braking force for the rear
wheels both allocated to the upstream applied pressure are
determined to match a target front wheel braking force and
a target rear wheel braking force respectively, which are
determined according to a predetermined target braking
force front/rear distribution, and the upstream brake pressure
1s set to correspond thereto. Furthermore, a target braking
force for the front wheels allocated to the downstream
applied pressure 1s determined to match a target braking
force of the effective fluid pressure obtained by subtracting
the amount of regenerative braking force as determined from
the capacity of the motor and the charge state of the battery
(SOC) and so on from the target front wheel braking force,
and the downstream brake pressure i1s set to correspond
thereto. Due to this, 1t 1s arranged for the target braking force
for the effective fluid pressure amount for the front wheel
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side, 1.e. for the driving wheels, to be obtained by reducing
the upstream brake pressure to the downstream brake pres-
sure.

When the coordinated regenerative braking control
according to the driving wheel braking force correction
method of the type explained above 1s employed, 1t 1s
possible to perform control 1n a simple manner. However,
when the regenerative braking force becomes great, corre-
sponding thereto, the required dynamic range for the down-
stream brake pressure for the front wheel side also becomes
great. Accordingly, it 1s necessary to provide a large sized
reservolr tank and a high performance fluid pressure pump
and so on, so that there 1s a possibility that the demerit of
cost increase or the like will be entailed.

FIG. § 1s a summary of coordinated regenerative braking,
control according to another comparison example, this com-
parison example being a non-driving wheel braking force
correction method. As shown in FIG. 5, with this coordi-
nated regenerative braking control according to the non-
driving wheel braking force correction method, the target
braking force for the front wheels and the target braking
force for the rear wheels both allocated to the upstream
applied pressure are determined so that the total of the target
braking force for the front wheels allocated to the upstream
applied pressure and the regenerative braking force agrees
with the target front wheel braking force that 1s determined
according to the predetermined target braking force front/
rear distribution, and the upstream brake pressure 1s set to
correspond thereto. Furthermore, a target braking force for
the rear wheels allocated to the downstream applied pressure
1s determined to match the target rear wheel braking force,
and the downstream brake pressure i1s set to correspond
thereto. Due to this, 1t 1s arranged for the target braking force
for the rear wheel side, 1.e. for the non-driving wheels, to be
obtained by increasing the upstream brake pressure to the
downstream brake pressure, thus supplementing the brake
pressure shortage amount.

When the coordinated regenerative braking control
according to the non-driving wheel braking force correction
method of the type explained above 1s employed, 1n a similar
manner to the case for the coordinated regenerative braking
control according to the driving wheel braking force cor-
rection method shown in FIG. 4, when the regenerative
braking amount becomes great, corresponding thereto, the
required dynamic range for the downstream brake pressure
for the rear wheel side also becomes great. Accordingly, 1t 1s
necessary to provide a large sized reservoir tank and a high
performance fluid pressure pump and so on, so that there 1s
a possibility that the demerit of cost increase or the like will
be entailed.

FIG. 6 1s a summary of the coordinated regenerative
braking control according to the front and rear wheel brak-
ing force correction method of the present mvention. As
shown 1n FIG. 6, with this coordinated regenerative braking,
control according to the front and rear wheel braking force
correction method, the target braking force for the front
wheels and the target braking force for the rear wheels both
allocated to the upstream applied pressure are determined so
that they become intermediate between those shown 1n FIG.
4 and those shown 1n FIG. 3 respectively, and the upstream
brake pressure 1s set so as to correspond thereto. And the
downstream brake pressures both for the front wheel side
and for the rear wheel side are set on the basis of this
upstream brake pressure. In other words for the front wheel
side, 1.e. for the driving wheels, 1n a similar manner to the
case with the driving wheel braking force correction method
shown 1n FIG. 4, the target braking force for the front wheels
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allocated to the downstream applied pressure 1s determined
to match the target braking force of the eflective fluid
pressure obtained by subtracting the amount of regenerative
braking force from the target front wheel braking force, and
the downstream brake pressure i1s set so as to correspond
thereto. On the other hand, for the rear wheel side, 1.e. for the
non-driving wheels, 1n a similar manner to the case with the
non-driving wheel braking force correction method shown
in FIG. 3, the target braking force for the rear wheels
allocated to the downstream applied pressure 1s determined
to match the target rear wheel braking force, and the
downstream brake pressure 1s set to correspond thereto. Due
to this, the upstream brake pressure and the downstream
brake pressures are each set so that the brake fluid reduction
amount corresponding to the amount of pressure reduction
from the upstream brake pressure to the downstream brake
pressure for the front wheel side, and the brake fluid increase
amount corresponding to the amount of pressure increase
from the upstream brake pressure to the downstream brake
pressure for the rear wheel side, fall within predetermined
ranges that may be considered as being almost the same.

With the present invention, by applying the coordinated
regenerative braking control according to the front and rear
wheel braking force correction method as explained above,
it 1s possible to obtain the target front wheel braking force
and the target rear wheel braking force by reducing the
downstream brake pressure for the front wheel side to be
lower than the upstream brake pressure, while raising the
downstream brake pressure for the rear wheel side to be
higher than the upstream brake pressure. In other words, it
1s possible to make the directions of correction (the polari-
ties of correction) of the brake pressures on the downstream
side be opposite for the front wheel side and for the rear
wheel side. Due to this, it 1s possible to reduce the dynamic
ranges ol downstream brake pressure that are required for
the front wheel side and for the rear wheel side, as compared
to the case when either the driving wheel braking force
correction method described above or the non-driving wheel
braking {force correction method described above 1s
employed.

Moreover, with the coordinated regenerative braking con-
trol according to the front and rear wheel braking force
correction method, it 1s arranged for the brake tluid reduc-
tion amount on the front wheel side corresponding to the
amount of pressure reduction from the upstream brake
pressure to the downstream brake pressure, and the brake
fluid 1increase amount on the rear wheel side corresponding
to the amount of pressure increase from the upstream brake
pressure to the downstream brake pressure, to become

almost of the same level. Due to this, 1t 1s possible to ensure
that almost the same amounts of brake fluid shifts via the X
conduit type flmd pressure conduits 303 described above
between the brake actuators 302aq and the brake devices
1134 for the front wheel side, and the brake actuators 3025
and the brake devices 1135 for the rear wheel side. In other
words, 1t 1s possible to make the gain and loss between the
brake fluid amount of the pressure reduction on the front
wheel side and the brake fluid amount of the pressure
increase on the rear wheel side agree with one another, so
that 1t 1s possible to utilize the same mass of brake fluid
without any overall excess or shortage occurring in the
entire brake system. Due to this, 1t becomes unnecessary to
provide any large sized reservoir tank such as was required
when employing the driving wheel braking force correction
method or the non-driving wheel braking force correction
method described above.
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FIG. 7 1s a control block diagram for the coordinated
regenerative braking control according to the front and rear
wheel braking force correction method explained above with
reference to FIG. 6. As shown 1n FIG. 3, functionally, the
brake ECU 102 comprises the coordinated regenerative
braking control unit 401, the upstream brake pressure con-
trol unit 402, and the downstream brake pressure control unit
403. And, among these, the coordinated regenerative brak-
ing control unit 401 comprises a target braking force cal-
culation unit 501, a target braking force distribution calcu-
lation unit 502, a target fluid pressure braking force
calculation unit 503, a target upstream pressure braking
force calculation unit 504, and a target downstream pressure
braking force calculation unit 505.

The target braking force calculation unit 501 calculates a
target braking force for the vehicle 100 on the basis of brake
actuation amount information specified by a brake pedal
signal from the brake pedal 205. The result of this calcula-
tion of target braking force 1s outputted to the target braking
force distribution calculation unit 502.

On the basis of the target braking force from the target
braking force calculation unit 501, the target braking force
distribution calculation unit 502 calculates a front/rear dis-
tribution for the target braking force, and distributes the
target braking force to the front wheels, 1.e. to the driving
wheels, and to the rear wheels, 1.e. to the non-dniving
wheels. Due to this, a target braking force for the front
wheels (1.e. a target front wheel braking force) and a target
braking force for the rear wheels (i.e. a target rear wheel
braking force) are obtained. The results of calculating these
target braking forces are outputted to the target fluid pressure
braking force calculation unit 503.

The target fluid pressure braking force calculation unit
503 calculates a target tluid pressure braking force for the
front wheels, 1.e. for the driving wheels, in other words a
target force for the braking by the brake devices 113a, on the
basis of the target front wheel braking force and the target
rear wheel braking force from the target braking force
distribution calculation unit 502 and the target regenerative
braking force from the regenerative braking control unit 206.
The result of calculating this target fluid pressure braking
force 1s outputted to the target upstream pressure braking
force calculation unit 504 and to the target downstream
pressure braking force calculation unit 505, together with
the target rear wheel braking force.

On the basis of the target fluid pressure braking force and
the target rear wheel braking force from the target fluid
pressure braking force calculation umit 503, the target
upstream pressure braking force calculation unit 504 calcu-
lates the target braking force for the front wheels and the
target braking force for the rear wheels allocated to the
upstream applied pressure, 1n other words calculates braking,
forces that correspond to the target value for the upstream
brake pressure. In the following, the target braking force
allocated to the upstream applied pressure that 1s obtained
for the front wheels will be termed the “target braking force
corresponding to the front wheel upstream pressure”, and
the target braking force allocated to the upstream applied
pressure that 1s obtained for the rear wheels will be termed
the “target braking force corresponding to the rear wheel
upstream pressure”. Moreover, a target total braking force
allocated to the upstream applied pressure (1.€. a total target
braking force corresponding to the upstream pressure) 1s
calculated by adding together the results of these calcula-
tions, and the result of this calculation 1s outputted to the
upstream brake pressure control unit 402. Furthermore, the
target braking force corresponding to the front wheel
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upstream pressure and the target braking force correspond-
ing to the rear wheel upstream pressure are both outputted to

the target downstream pressure braking force calculation
unit 505.

On the basis of the target fluid pressure braking force and
the target rear wheel braking force from the target fluid
pressure braking force calculation unit 503, and the target
braking force corresponding to the front wheel upstream
pressure and the target braking force corresponding to the
rear wheel upstream pressure from the target upstream
pressure braking force calculation unit 504, the target down-
stream pressure braking force calculation unit 505 calculates
correction amounts of the target braking force for the front
wheels and correction amounts of the target braking force
tor the rear wheels both allocated to the downstream applied
pressure, 1n other words calculates correction amounts of the
braking forces corresponding to the pressure reduction
amounts (1n the case of the front wheels) or the pressure
increase amounts (1n the case of the rear wheels) from the
upstream brake pressure to the downstream brake pressures.
In the following, the correction amounts of the target brak-
ing force allocated to the downstream applied pressure that
1s obtained for the front wheels will be termed the *“target
braking force correction amount corresponding to the front
wheel downstream pressure”, and the correction amounts of
the target braking force allocated to the downstream applied
pressure that 1s obtained for the rear wheels will be termed
the “target braking force correction amount corresponding to
the rear wheel downstream pressure”, respectively. And the
target fluid pressure braking force and the target rear wheel
braking force corresponding to the results of these calcula-
tions are outputted to the downstream brake pressure control
unit 403.

On the basis of the result of calculation of the total target
braking force corresponding to the upstream pressure out-
putted from the target upstream pressure braking force
calculation unit 504, the upstream brake pressure control
unit 402 sets a target value for the upstream brake pressure.
The operation of the master cylinder 301 1s controlled and
the upstream brake pressure 1s adjusted, so that the upstream
brake pressure generated from the master cylinder 301
agrees with this target value for the upstream brake pressure.

On the basis of the target fluid pressure braking force
outputted from the target downstream pressure braking force
calculation unit 505, the downstream brake pressure control
unit 403 sets a target value for the downstream brake
pressure for the brake actuators 302a on the front wheel side.
Moreover, on the basis of the target rear wheel braking force
outputted from the target downstream pressure braking force
calculation unit 505, the downstream brake pressure control
unit 403 sets a target value for the downstream brake
pressure for the brake actuators 30256 on the rear wheel side.
The operation of the brake actuators 302a and 3025 1s
controlled and the downstream brake pressures are adjusted,
so that these target values for the downstream brake pres-
sures and the downstream brake pressures generated from
the brake actuators 302aq and 3026 agree with one another.

Next, the processing for performing calculation of the
coordinated regenerative braking control according to the
front and rear wheel braking force correction method will be
explained. FIGS. 8, 9, and 10 are flow charts of calculation
for the coordinated regenerative braking control according
to the front and rear wheel braking force correction method.
In the following, the details of this calculation processing
will be explained in concrete terms with reference to these
flow charts.
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In step S601 of FIG. 8, the target braking force for the
vehicle 100 1s calculated by the target braking force calcu-
lation unit 501. Here, the brake actuation amount 1s specified
on the basis of the brake pedal signal from the brake pedal
205. And a total braking force corresponding to this brake
actuation amount 1s obtained on the basis of a relationship
between pedal stroke and total braking force like that shown
in FIG. 8, and this 1s taken as being the target braking force
for the vehicle 100. It should be understood that the rela-
tionship between pedal stroke and total braking force like
that shown 1n FIG. 8 1s obtained in advance according to the
characteristics of the vehicle 100 and so on, and information
for specitying it 1s stored in advance 1n the brake ECU 102.

Then 1n step S602, on the basis of an ideal front/rear
braking force distribution line like that shown i FIG. 8, the
distribution of the target braking force calculated 1n step
S601 to the front wheels and to the rear wheels 1s calculated
by the target braking force distribution calculation unit 502.
It should be understood that the ideal front/rear braking
force distribution line shown 1n FIG. 8 indicates that, the
greater the total braking force becomes, the greater the
allocation of braking force to the front wheel side must be
relative to the allocation to the rear wheel side, and this line
1s determined 1n advance according to the characteristics of
the vehicle 100 and so on.

Then 1n step S603 the target front wheel braking force (F1)
and the target rear wheel braking force (Fr) are calculated by
the target braking force distribution calculation umt 502,
according to the target braking force distribution calculated
in step S602. As shown i1n FIG. 8, when the value of the
target front wheel braking force (Ft) calculated here 1s
termed A and the value of the target front wheel braking
force (F1) calculated here 1s termed B, these values are
respectively expressed by the following Equations (1) and

(2):

target front wheel braking force(Ff)=4/N/ (1)

target rear wheel braking force(Fr)=b/N/ (2)

It should be understood that 1t would also be acceptable to
arrange for the calculations of steps S602 and S603
described above both to be executed by the target braking
force distribution calculation unit 502. For example, a
function that takes the total braking force as argument and
that outputs the front wheel braking force and the rear wheel
drive force on the basis of an ideal front/rear braking force
distribution line like that shown in FIG. 8, or tabular
information for the front wheel braking force and the rear
wheel drive force for the total braking force, may be stored
in advance by the brake ECU 102. By employing a function
or tabular information of this type, 1t 1s possible to calculate
the target front wheel braking force (F1) and the target rear
wheel braking force (Fr) directly from the target braking
force.

The value A of the target front wheel braking force (F1)
and the value B of the target rear wheel braking force (Fr)
calculated 1n step S603 are outputted from the target braking
force distribution calculation unit 502 to the target fluid
pressure braking force calculation unit 503.

Then 1n step S604 the target regenerative braking force
(F1_r) 1s calculated by the regenerative braking control unit
206. Here, as previously described, it 1s possible to obtain
this target regenerative braking force (Fi_r) by using a
function or the like that has been determined 1n advance, on
the basis of the vehicle speed signal included 1n the vehicle
state signals from the vehicle 100, and the state of charge
(SOC) and the temperature and so on of the battery 107
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included 1n the battery information from the battery ECU
104. As shown in FIG. 8, when the value of the target
regenerative braking force (Fi_r) calculated here 1s termed
C, this value 1s expressed by the following Equation (3):

(3)

In step S605 of FIG. 9, the value C of the target regen-
erative braking force (Fi_r) calculated in step S604 1is
acquired from the regenerative braking control unit 206 by
the target fluid pressure braking force calculation unit 503.
And, on the basis of the value A of the target front wheel
braking force (F1) calculated 1n step S603 and the value C of
the target regenerative braking force (Fi_r) acquired from
the regenerative braking control unit 206, the target front
wheel fluid pressure braking force (Fi_ h) 1s calculated
according to Equation (4) below:

target regenerative braking force(Ff »)=C[N]

target front wheel fluid pressure braking force

(Ef_h)= Ff=Ff r=A-C[N] (4)

Here, when Equation (4) 1s rewritten as A—C=D as shown
in FIG. 9, the following Equation (5) 1s obtained, and the

value D of the target front wheel tluid pressure braking force
(F1_h) 1s obtained:

target front wheel fluid pressure braking force

(Ff k)= D/N] (5)

The value D of the target front wheel fluid pressure
braking force (F1_h) calculated 1n step S605 and the value B
of the target rear wheel braking force (Fr) inputted from the
target braking force distribution calculation unit 502 are
outputted from the target fluid pressure braking force cal-
culation unit 503 to the target upstream pressure braking
force calculation unit 504 and the target downstream pres-
sure braking force calculation unit 505.

Then 1n step S606, on the basis of the value D of the target
front wheel fluid pressure braking force (Fi_h) and the value
B of the target rear wheel braking force (Fr) mputted from
the target fluid pressure braking force calculation unit 503,
the target braking force corresponding to the front Wheel
upstream pressure (F1_uh) for the front wheels and the target
braking force corresponding to the rear wheel upstream
pressure (Fr_uh) for the rear wheels are calculated by the
target upstream pressure braking force calculation unit 504.
Here, as previously described the target braking force cor-
responding to the front wheel upstream pressure (F1_uh) and
the target braking force corresponding to the rear wheel
upstream pressure (Fr_uh) are calculated so that the brake
fluid decrease amount on the front wheel side corresponding
to the pressure reduction amount from the upstream brake
pressure to the downstream brake pressure, and the brake
fluid 1increase amount on the rear wheel side corresponding
to the pressure increase amount from the upstream brake
pressure to the downstream brake pressure, become on
almost the same level.

Here, the decrease amount of the braking force corre-
sponding to the brake fluid decrease amount on the front
wheel side can be expressed as the difference F between the
target braking force corresponding to the front wheel
upstream pressure (F1_uh) and the value D of the target front
wheel fluid pressure braking force (Fi_h) mn FIG. 9. More-
over, the increase amount of the braking force corresponding
to the brake fluid increase amount on the rear wheel side can
be expressed as the difference G between the value B of the
target rear wheel braking force (Fr) and the target braking
force corresponding to the rear wheel upstream pressure
(Fr_uh) i FIG. 9. Accordingly, the target braking force
corresponding to the front wheel upstream pressure (F1_uh)
and the target braking force corresponding to the rear wheel
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upstream pressure (Fr_uh) are determined so that the brake
fluid amount corresponding to the difference F and the brake
fluid amount corresponding to the difference G become
almost the same.

The slope of the broken line shown 1n FIG. 9 indicates, for
the given upstream brake pressure, the relationship between
the target braking force corresponding to the front wheel
upstream pressure (Fi_uh) and the target braking force
corresponding to the rear wheel upstream pressure (Fr_uh).
This 1s determined from the characteristics of the front
wheel side brake devices 113a and the rear wheel side brake
devices 1135. On the basis of this type of relationship, for
example, for each combination of the value D of the front
wheel tluid pressure braking force (Fi_h) and the value B of
the target rear wheel braking force (Fr), the values of the
optimum upstream brake pressure, and of the target braking
force corresponding to the front wheel upstream pressure
(F1_uh) and the target braking force corresponding to the
rear wheel upstream pressure (Fr_uh) corresponding thereto,
are put 1nto a table, and the resulting tabular information 1s
stored 1n advance in the brake ECU 102. By using this
tabular information, 1t 1s possible to find the upstream brake
pressure for which the brake fluid decrease amount on the
front wheel side, in other words the brake fluid amount
corresponding to the difference F, and the brake fluid
increase amount on the rear wheel side, 1n other words the
brake fluid amount corresponding to the difference G,
become almost the same, and 1t 1s possible to calculate the
target braking force corresponding to the front wheel
upstream pressure (Fi_uh) and the target braking force
corresponding to the rear wheel upstream pressure (Fr_uh)
corresponding thereto.

It should be understood that there 1s no need for the brake
fluid amount corresponding to the differential F described
above and the brake fluid amount corresponding to the
differential G necessarily to agree with one another per-
fectly. It will also be acceptable for a certain disparity
between them to be present, provided that this disparity 1s
within a predetermined range that corresponds to the capac-
ity of a reservoir tank mounted to the vehicle 100.

Then 1n step S607 the value of the target braking force
corresponding to the front wheel upstream pressure (Fi_uh)
and the value of the target braking force corresponding to the
rear wheel upstream pressure (Fr_uh) described above are
checked by the target upstream pressure braking force
calculation unit 504. Using the diflerences F and G
described previously, these values may respectively be given
by Equations (6) and (7) below:

target braking force corresponding to the front wheel

upstream pressure(f uh)=F+D[N] (6)

target braking force corresponding to the rear wheel
upstream pressure(Fr_uh)=b-G[N]

(7)
Here, 1f Equation (7) 1s rewritten as B-G=H as shown 1n

FIG. 9, then the following Equation (8) 1s obtained, and the
value H of the target braking force corresponding to the rear

wheel upstream pressure (Fr_uh) may be obtained:

target braking force corresponding to the rear wheel

upstream pressure(fr_uh)=H[N] (8)

Moreover, 1 step S607, the total target braking force
corresponding to the upstream pressure (F_uh) 1s calculated
by the value of the above described target braking force
corresponding to the front wheel upstream pressure (F1_uh)
and the value of the target braking force corresponding to the
rear wheel upstream pressure (Fr_uh) being added together
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by the target upstream pressure braking force calculation
unit 504. This 1s obtained according to Equation (9)
described below:

total target braking force corresponding to the

upstream pressure(d_ub)F+D+H[N] (9)

The value F+D+H of the total target braking force cor-
responding to the upstream pressure (F_uh) calculated in
step S607 15 outputted from the target upstream pressure
braking force calculation unit 504 to the upstream brake
pressure control unit 402. Moreover, the value F+D of the
target braking force corresponding to the front wheel
upstream pressure (Fif_uh) and the value H of the target
braking force corresponding to the rear wheel upstream
pressure (Fr_uh) are outputted from the target upstream
pressure braking force calculation unit 304 to the target
downstream pressure braking force calculation unit 505.

Then 1n step S608, on the basis of the value D of the target
front wheel fluid pressure braking force (Fi_h) and the value
B of the target rear wheel braking force (Fr) mputted from
the target fluid pressure braking force calculation unit 503,
and on the basis of the value F+D of the target braking force
corresponding to the front wheel upstream pressure (F1_uh)
and the value H of the target braking force corresponding to
the rear wheel upstream pressure (Fr_uh) inputted from the
target upstream pressure braking force calculation unit 504,
the target braking force correction amount corresponding to
the front wheel downstream pressure (Fi_lh) for the front
wheels and the target braking force correction amount
corresponding to the rear wheel downstream pressure
(Fr_lh) for the rear wheels are calculated by the target
downstream pressure braking force calculation umt 5035
according to Equations (10) and (11) below. It should be
understood that, as previously described, the target braking
force correction value (Fi_lh) corresponding to the front
wheel downstream pressure gives a target braking force
correction amount for the downstream applied pressure
corresponding to the pressure reduction amount, from the
upstream brake pressure to the downstream brake pressure,
for the front wheels. In a similar manner, the target braking
force correction value (Fr_lh) corresponding to the target
rear wheel downstream pressure gives a target braking force
correction amount for the downstream applied pressure
corresponding to the pressure increase amount, from the
upstream brake pressure to the downstream brake pressure,
for the rear wheels.

target braking force correction amount corresponding
to the front wheel downstream pressure(ff_

I=Ff h-Ff uh=-F[N] (10)

target braking force correction amount corresponding
to the rear wheel downstream pressure(f7_

Ih=Fr—Fr_uh=G[N] (11)

Then, 1 step S609 of FIG. 10, the value of each of the
parameters listed below that have been calculated by the
processing of steps S601 through S608 explained above 1s
checked as being its final target value.

target front wheel braking force(ff)=A4/N] (1)

target regenerative braking force(Ff »)=C/[N] (3)

target front wheel fluid pressure braking force(Ff_

h)=D[N] (3)

target braking force corresponding to the front wheel

upstream pressure(£f_uh)=F+D[N] (6)
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target braking force correction amount corresponding
to the front wheel downstream pressure(Ff_

[h)y=F/[N] (10)

target rear wheel braking force(Fr)=b/N/ (2)

target braking force corresponding to the rear wheel

upstream pressure(fr_uh)=H[N] (8)

target braking force correction amount corresponding
to the rear wheel downstream pressure(Fr_

Ih=G[N] (11)

In step S610, the control objects i the coordinated
regenerative braking control are controlled in the following
manner by the upstream brake pressure control unit 402, by
the downstream brake pressure control unit 403, and by the
regenerative braking control unit 206, using the respectively
required ones among the parameters described above.

In step S610, the upstream brake pressure control unit 402
sets the target value for the upstream brake pressure on the
basis of the value F+D+H of the total target braking force
corresponding to the upstream pressure (F_uh), and controls
the operation of the master cylinder 301 using this. The
upstream brake pressure generated by the master cylinder
301 is controlled in this manner.

In step S610, on the basis of the value D of the target front
wheel tluid pressure braking force (Fi_h) given by Equation
(5), the downstream brake pressure control unit 403 sets a
target value for the downstream brake pressure for the front
wheel side brake actuators 302a, and controls the operation
of the brake actuators 302a using this. Due to this, 1t 1s
arranged for the downstream brake pressures generated by
the brake actuators 302a to be controlled, so that the
upstream brake pressure from the master cylinder 301 1s
reduced and the value -F of the target braking force cor-
rection amount corresponding to the front wheel down-
stream pressure (F1_lh) given by Equation (10) 1s provided
to the brake devices 113a on the front wheel side. Moreover,
on the basis of the value B of the target rear wheel braking
torce (Fr) given by Equation (2), the downstream brake
pressure control unit 403 sets a target value for the down-
stream brake pressure for the rear wheel side brake actuators
3025, and controls the operation of the brake actuators 3025
using this. Due to this, 1t 1s arranged for the downstream
brake pressures generated by the brake actuators 3025 to be
controlled, so that the upstream brake pressure from the
master cylinder 301 1s increased and the value G of the target
braking force correction amount corresponding to the rear
wheel downstream pressure (Fr_lh) given by Equation (11)
1s provided to the brake devices 1135 on the rear wheel side.

In step S610, the regenerative braking control unit 206
outputs the value C of the target regenerative braking force
(F1_r) given by Equation (3) to the motor ECU 103. The
motor ECU 103 controls the inverter 106 on the basis of this,
so that the value C of the target regenerative braking force
(F1_r) 1s obtained from the motor 109.

After step S610 has been executed, the calculation tlow
chart shown 1n FIGS. 8, 9, and 10 terminates. The coordi-
nated regenerative braking control according to this front
and rear wheel braking force correction method 1s 1mple-
mented by repeatedly executing this type of calculation
processing at a predetermined processing cycle.

Now, the transient braking behavior when the coordinated
regenerative braking control according to the front and rear
wheel braking force correction method like that explained
above 1s applied will be explained. FIG. 11 1s a figure
showing an example of the transient behavior when the
brake pedal stepping on amount 1s increased, and FIG. 12 1s
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a figure showing an example of the transient behavior when
the brake pedal stepping on amount 1s returned.

In FIG. 11, the target front wheel braking force and the
target rear wheel braking force belore increase of the step-
ping on amount of the brake pedal are shown as A and B
respectively, and the target front wheel braking force and the
target rear wheel braking force after increase of the stepping,
on amount are shown as A' and B' respectively. That 1s to say,
in FIG. 11, A"™A and also B™>B. On the other hand, in FIG.
12, the target front wheel braking force and the target rear
wheel braking force before return of the brake pedal step-
ping on amount are shown as A and B respectively, and the
target front wheel braking force and the target rear wheel
braking force after return of the stepping on amount are
shown as A' and B' respectively. That 1s to say, in FIG. 12,
A'<A and also B'<B.

It should be understood that, before and after the stepping
amount of the brake pedal increases or returned, both the
case 1n which, the target regenerative braking force for the
motor 109 changes and the case 1n which 1t does not change
should be considered. When the target regenerative braking
force changes, this exerts an intluence upon the distribution
of target braking forces between the front wheels and the
rear wheels. Thus, 1n the following explanation, both for
when the stepping amount of the brake pedal increases and
for when this stepping on amount decreases, the case 1n
which the target regenerative braking force increases, the
case 1n which 1t remains the same, and the case 1n which it
1s returned will be distinguished and explained separately.

First, the transient behavior when the brake pedal step-
ping on amount increases will be explained with reference to
FIG. 11. Among the three figures shown on the right side 1n
FIG. 11, the case A-1 shown at the top shows an example of
the case 1n which the target regenerative braking force
increases when the stepping on amount of the brake pedal
has increased. In FIG. 11, the target regenerative braking
torce belore the brake pedal stepping on amount increases 1s
termed C and the target regenerative braking force after the
brake pedal stepping on amount has increased 1s termed C',
and, in this case A-1, C'>C. In this case, according to FIG.
11, 1t will be understood that, compared to the downstream
pressure correction amounts before the stepping on amount
increases, 1 other words compared to the target braking
force correction amount corresponding to the front wheel
downstream pressure —F and the target braking force cor-
rection amount corresponding to the rear wheel downstream
pressure G, the absolute values of the correction amounts —F'
and G' for these are both increased after the stepping on
amount has increased. Accordingly, by causing brake fluid to
shift via the previously described fluid pressure conduits 303
from the brake actuators 302a on the front wheel side to the
brake actuators 30256 on the rear wheel side, 1t 1s possible to
maintain the target braking force front/rear distribution even
after the brake stepping on amount has increased.

The case A-2 shown at the middle of the right side 1n FIG.
11 shows an example of the case i which the target
regenerative braking force 1s kept the same when the step-
ping on amount of the brake pedal has increased. In this case
A-2, C'=C. In this case, according to FIG. 11, 1t will be
understood that, compared to the downstream pressure cor-
rection amounts before the stepping on amount increases, in
other words compared to the target braking force correction
amount corresponding to the front wheel downstream pres-
sure¢ —F and the target braking force correction amount
corresponding to the rear wheel downstream pressure G, the
correction amounts —F' and G' for these atter the stepping on
amount has increased do not greatly change. Accordingly 1t
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1s possible to maintain the target braking force front/rear
distribution even after the brake stepping on amount has
increased.

The case A-3 shown at the bottom of the night side i FIG.
11 shows an example of the case in which the target
regenerative braking force 1s dimimished when the stepping
on amount of the brake pedal has increased. In this case A-3,
C'<C. In this case, according to FIG. 11, 1t will be under-
stood that, compared to the downstream pressure correction
amounts before the stepping on amount increases, 1 other
words compared to the target braking force correction
amount corresponding to the front wheel downstream pres-
sure —F and the target braking force correction amount
corresponding to the rear wheel downstream pressure G, the
absolute values of the correction amounts -F' and G' for
these after the stepping on amount has increased both
decrease. Accordingly, by brake fluid returning via the
previously described fluid pressure conduits 303 from the
brake actuators 3025 on the rear wheel side to the brake
actuators 302a on the front wheel side, it 1s possible to
maintain the target braking force front/rear distribution even
alter the brake stepping on amount has increased.

Next, the transient behavior when the brake pedal step-
ping on amount 1s returned will be explained with reference
to FIG. 12. Among the three figures shown on the right side
in FIG. 12, the case B-1 shown at the top shows an example
of the case i which the target regenerative braking force
increases when the stepping on amount of the brake pedal
has returned. In FIG. 12, the target regenerative braking
force before the brake pedal stepping on amount returns 1s
termed C and the target regenerative braking force after the
brake pedal stepping on amount has returned 1s termed C',
and, 1n this case B-1, C>C. In this case, according to FIG.
12, 1t will be understood that, 1n a similar manner to the case
A-1 of FIG. 11, compared to the downstream pressure
correction amounts before the stepping on amount returns,
in other words compared to the target braking force correc-
tion amount corresponding to the front wheel downstream
pressure —F and the target braking force correction amount
corresponding to the rear wheel downstream pressure G, the
absolute values of the correction amounts —F and G' for
these are both increased after the stepping on amount has
returned. Accordingly, by causing brake fluid to shift via the
previously described fluid pressure conduits 303 from the
brake actuators 302a on the front wheel side to the brake
actuators 3026 on the rear wheel side, 1t 1s possible to
maintain the target braking force front/rear distribution even
alter the brake stepping on amount has increased.

The case B-2 shown at the middle of the right side 1n FIG.
12 shows an example of the case in which the target
regenerative braking force i1s kept the same when the step-
ping on amount of the brake pedal has returned. In this case
B-2, C'=C. In this case, according to FIG. 12, 1t will be
understood that, 1n a similar manner to the case A-2 of FIG.
11, compared to the downstream pressure correction
amounts before the stepping on amount returns, in other
words compared to the target braking force correction
amount corresponding to the front wheel downstream pres-
sure¢ —F and the target braking force correction amount
corresponding to the rear wheel downstream pressure G, the
correction amounts —F' and G' for these aifter the stepping on
amount has returned do not greatly change. Accordingly 1t 1s
possible to maintain the target braking force Iront/rear
distribution even aiter the brake stepping on amount has
returned.

And the case B-3 shown at the bottom of the right side 1n
FIG. 12 shows an example of the case 1n which the target
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regenerative braking force 1s diminished when the stepping
on amount of the brake pedal has returned. In this case B-3,
C'<C. In this case, according to FIG. 12, 1t will be under-
stood that, 1n a similar manner to the case A-3 of FIG. 11,
compared to the downstream pressure correction amounts
before the stepping on amount returns, i other words
compared to the target braking force correction amount
corresponding to the front wheel downstream pressure —F
and the target braking force correction amount correspond-
ing to the front wheel downstream pressure G, the absolute
values of the correction amounts —F' and G' for these after
the stepping on amount has returned both decrease. Accord-
ingly, by brake fluid returning via the previously described
fluid pressure conduits 303 from the brake actuators 3025 on
the rear wheel side to the brake actuators 302a on the front
wheel side, 1t 1s possible to maintain the target braking force
front/rear distribution even after the brake stepping on
amount has returned.

As has been explained above, during this transient behav-
ior, both when the stepping on amount of the brake pedal
increases and when this stepping on amount 1s returned, it 1s
possible to maintain the target braking force Iront/rear
distribution by shifting brake fluid, according to require-
ments, between the brake actuators 302a for the front wheel
side and the brake actuators 30256 for the rear wheel side.

Next, a brake system to which the brake control device
according to the present mnvention has been applied will be
explained. FIG. 13 1s a conduit diagram for a brake system
700 that 1s an example of a brake system to which the brake
control device according to the present invention has been
applied. In this brake system 700, flud pressure conduits
303 are connected between a master cylinder 301 shown 1n
FIG. 3 given above and wheel cylinders 721 through 724. It
should be understood that the wheel cylinder 721 1s housed
within the brake device 1135 corresponding to the left side
rear wheel, the wheel cylinder 722 1s housed within the
brake device 113a corresponding to the right side front
wheel, the wheel cylinder 723 1s housed within the brake
device 113a corresponding to the left side front wheel, and
the wheel cylinder 724 1s housed within the brake device
1135 corresponding to the right side rear wheel.

The brake system 700 includes two systems: a P system
that corresponds to the wheel cylinders 721 and 722, and an
S system that corresponds to the wheel cylinders 723 and
724. Respective pumps 701 and 702 are provided to the P
system and the S system. The pump 701 and the pump 702
are driven by a common motor 703.

Moreover, both the P system and the S system are
provided with valves of various types and a reservoir tank,
and these are mutually connected together via flow conduits
consisting of fluid pressure conduits 303. As described
previously, these fluid pressure conduits 303 have an X type
conduit structure, and 1n the P system the wheel cylinder 721
and the wheel cylinder 722 are mutually connected together,
while 1n the S system the wheel cylinder 723 and the wheel
cylinder 724 are mutually connected together.

In this brake system 700, the P system and the S system
have mutually symmetrical structures, and their operations
are almost the same. Accordingly, only the S system will be
described 1n the following explanation.

In the S system, a flow conduit from the master cylinder
301 matially branches mto two. One of the branched off tlow
conduits 1s connected to a gate valve 704, while the other 1s
connected to the intake side of the pump 702 via a reservoir
tank 711. A flow conduit from the outlet side of the gate
valve 704 and a tlow conduit from the discharge side of the
pump 702, after coming together, are connected to the inlet
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sides of pressure increase valves 705 and 706 that are
provided to the wheel cylinders 723 and 724 respectively. It
should be understood that, for example, normally open type
solenoid valves may be used for the gate valve 704 and the
pressure increase valves 705 and 706.

The flow conduit from the outlet side of each of the

pressure increase valves 705 and 706 branches into two. One
of these branched off flow conduits i1s connected to the
respective wheel cylinder 723 or 724, while the other 1s
connected to a respective pressure reduction valve 707 or
708. Hydraulic pressure sensors 709 and 710 are installed 1n
the flow conduits between this branch point and the wheel
cylinders 723 and 724 respectively. Flow conduits from the
outlet sides of the pressure reduction valves 707 and 708 are
connected to the reservoir tank 711 after coming together. It
should be understood that, for example, normally closed
type solenoid valves may be used for the pressure reduction

valves 707 and 708.

It should be understood that the pump 702, the gate valve
704, the pressure increase valves 705 and 706, and the
pressure reduction valves 707 and 708 of the S system
described above are components that correspond to the
brake actuator 302a corresponding to the left side front
wheel and to the brake actuator 3026 corresponding to the
right side rear wheel 1n FIG. 3. In a similar manner, the pump
701 and the valves of the P system are components that
correspond to the brake actuator 302a corresponding to the
right side front wheel and to the brake actuator 3025
corresponding to the left side rear wheel 1n FIG. 3.

Next, the operation of this brake system 700 during
coordinated regenerative braking control will be explained
with reference to FIGS. 14 through 17.

FIG. 14 1s a figure showing the operation of the brake
system 700 1n 1ts mnitial state. In the brake system 700, the
initial states of the valves and the pump 702 are respectively
as follows:

gate valve 704: open

pressure increase valves 705, 706: open

pressure reduction valves 707, 708: closed

pump 702: non-driven

When, 1n the 1nitial state shown 1n FIG. 14, the upstream
brake pressure from the master cylinder 301 1s supplied,
hydraulic pressure equivalent to this upstream brake pres-
sure 15 supplied via the gate valve 704 (which 1s open) and
the pressure increase valves 705 and 706 (which are open)
to the wheel cylinders 723 and 724 respectively. At the same
time, hydraulic pressure equivalent to the upstream brake
pressure 1s also supplied via the reservoir tank 711 to the
intake side of the pump 702.

FIG. 15 1s a figure showing the operation of the brake
system 700 when, from the mitial state of FIG. 14, the
pressure has been raised by the pump 702. At this time, the
states of the gate valve 704 and the pump 702 are changed
as described below.

gate valve 704: open—closed

pump 702: non-driven—driven

By closing the gate valve 704 and driving the pump 702
as described above, the hydraulic pressure at the discharge
side of the pump 702 1s raised.

FIG. 16 1s a figure showing the operation of the brake
system 700 when, from the state shown in FIG. 15, the
pressure ol the brake fluid to the wheel cylinder 724 on the
right rear wheel side has been raised. At this time, the state
of the pressure increase valve 705 i1s changed as shown
below, while the state of the pressure increase valve 706 1s
maintained as shown below.
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pressure increase valve 705: open—closed

pressure increase valve 706: kept open

By closing the pressure increase valve 705 and keeping
the pressure increase valve 706 open as described above,
brake fluid whose pressure has been raised by the pump 702
1s outputted to the wheel cylinder 724 on the right rear wheel
side.

FIG. 17 1s a figure showing the operation of the brake
system 700 when the pressure of the brake fluid to the wheel
cylinder 723 on the left front side 1s reduced from the state
shown 1 FIG. 16. At this time, the state of the pressure
reduction valve 707 1s changed as follows:

pressure reduction valve 707: closed—open

By opening the pressure reduction valve 707 as described
above, a portion of the brake fluid whose pressure has been
raised by the pump 702 1s returned to the mtake side of the
pump 702 wvia the reservoir tank 711. Due to this, the
pressure of the brake fluid that 1s outputted to the wheel
cylinder 723 at the left front wheel side 1s reduced.

It should be understood that the pressure reduction
amount for the wheel cylinder 723 on the left front wheel
side and the pressure increase amount for the wheel cylinder
724 on the right rear wheel side can be controlled on the
basis of the values detected by the hydraulic pressure
sensors 709 and 710. For example, the duty ratios of the
valves and/or the output of the pump 702 may be adjusted
on the basis of the difference between the target braking
torce for the wheel cylinder 723 (1.e. the target front wheel
fluid pressure braking force) and the target braking force for
the wheel cylinder 724 (1.e. the target rear wheel fluid
pressure braking force), and the actual braking forces esti-
mated from the values detected by the hydraulic pressure
sensors 709 and 710, and feedback control may be per-
formed so as to make these target braking forces and the
actual braking forces agree with one another. Control of the
downstream brake pressures 1s performed in this manner.

Moreover, as previously described, the upstream brake
pressure from the master cylinder 301 1s adjusted so that the
brake fluid decrease amount corresponding to the pressure
reduction amount for the wheel cylinder 723 on the left front
wheel side and the brake fluid increase amount correspond-
ing to the pressure increase amount for the wheel cylinder
724 on the nght rear wheel side become almost equal to one
another. Accordingly, the amounts of gain and loss of brake
fluid between the front wheel and the rear wheel approxi-
mately agree with one another, so that increase in the size of
the reservoir tank 711 and so on becomes unnecessary.

It should be understood that the structure and operation of
the brake system 700 explained above are only given by way
of example; the brake system to which a brake control
device according to the present invention 1s applied 1s not to
be considered as being limited thereby. Any structure and
any operation of the brake system may be employed as
appropriate, provided that they are capable of implementing
the coordinated regenerative braking control according to
the front and rear wheel braking force correction method as
previously described.

According to the first embodiment of the present inven-
tion explained above, the following beneficial operational
ellects are obtained.

(1) The brake ECU 102 that serves as the brake control
device according to the present invention 1s mounted to the
vehicle 100. The vehicle 100 comprises: a plurality of brake
devices 113a and 11356 that are provided respectively to
correspond to a pair of front wheels 112a which are driving
wheels and to a pair of rear wheels 1125 which are non-
driving wheels, and that supply braking force to those
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wheels due to brake pressures; a master cylinder 301 that
generates a common upstream brake pressure for the brake
devices 113a and 1135; brake actuators 3024 and 3025 that,
on the basis of this upstream brake pressure, generate
individual downstream brake pressures for the brake devices
113a and 1135; and a motor 109 that performs regenerative
braking for the front wheels 112a4. During regenerative
braking by the motor 109, by performing coordinated regen-
erative braking control according to a front and rear wheel
braking force correction method like that shown 1n FIG. 6,
the brake ECU 102 controls the upstream brake pressure and
the downstream brake pressures so as to reduce the down-
stream brake pressures for the brake devices 113a corre-
sponding to the front wheels 1124 to lower than the upstream
brake pressure, and also so as to increase the downstream
brake pressures for the brake devices 1135 corresponding to
the rear wheels 1126 to higher than the upstream brake
pressure. Since these arrangements are provided, accord-
ingly 1t 1s possible to implement coordinated regeneration
control that exhibits a high braking performance.

(2) The master cylinder 301 supplies brake fluid to the
brake devices 113a and 1135 in flow amounts that corre-
spond to the upstream brake pressure. The brake actuators
302a supply the brake fluid supplied from the master cyl-
inder 301 to the brake devices 113a that correspond to the
front wheels 112a while reducing i1t by reduction amounts
that correspond to their downstream brake pressures. On the
other hand, the brake actuators 3025 supply the brake fluid
supplied from the master cylinder 301 to the brake devices
1135 that correspond to the rear wheels 1125 while increas-
ing 1t by increase amounts that correspond to their down-
stream brake pressures. And the brake ECU 102 controls the
upstream brake pressure and the downstream brake pres-
sures so that the difference between the reduction of the
amount of brake fluid to the brake devices 113a that corre-
spond to the front wheels 112a and the increase of the
amount of brake fluid to the brake devices 1135 that corre-
spond to the rear wheels 1125 1s kept within a predetermined
range. Since this arrangement 1s adopted, accordingly it 1s
possible to make the reservoir tank 711 that 1s mounted to
the vehicle 100 more compact.

(3) The brake ECU 102 comprises the target braking force
calculation unit 501, the target braking force distribution
calculation unit 502, the target fluid pressure braking force
calculation unit 503, the target upstream pressure braking
force calculation unit 504, the upstream brake pressure
control umt 402, and the downstream brake pressure control
umt 403. The target braking force calculation unit 501
calculates the target braking force (step S601). The target
braking force distribution calculation unit 502 distributes
this target braking force between the front wheels 112a
which are the driving wheels and the rear wheels 1126 which
are the non-driving wheels (step S602), and calculates the
target front wheel braking force (Fi) and the target rear
wheel braking force (Fr) (step S603). The target fluid
pressure braking force calculation unit 503 acquires the
target regenerative braking force (Fi_r) for the front wheels
112a from the regenerative braking control unit 206, and
calculates the target front wheel fluid pressure braking force
(F1_h) on the basis of the target front wheel braking force
(H) and the target regenerative braking force (Fi_r) that has
been acquired (step S605). The target upstream pressure
braking force calculation umt 504 calculates the total target
braking force corresponding to the upstream pressure (F_uh)
corresponding to the target value of the upstream brake
pressure, on the basis of the target front wheel tluid pressure
braking force (F1_h) and the target rear wheel braking force
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(Fr) (steps S606 and S607). The upstream brake pressure
control unit 402 controls the upstream brake pressure on the

basis of the total target braking force corresponding to the
upstream pressure (F_uh). And the downstream brake pres-
sure control unit 403 controls the downstream brake pres-
sures to the brake devices 113a corresponding to the front
wheels 112a on the basis of the target front wheel fluid
pressure braking force (Fi_h), and also controls the down-
stream brake pressures to the brake devices 1135 corre-
sponding to the rear wheels 1126 on the basis of the target
rear wheel braking force (Fr). Since this arrangement 1s
adopted, accordingly 1t 1s possible to control the upstream
brake pressure from the master cylinder 301 and the down-
stream brake pressures from the brake actuators 302a and
3026 1n an appropriate manner.

(4) The vehicle 100 includes the fluid pressure conduits
303 of the X conduit type that are disposed between the
brake devices 113a corresponding to the front wheels 112a,
which are the driving wheels, and the brake devices 1135

corresponding to the rear wheels 1125, which are the non-
driving wheels. And the brake ECU 102 controls the brake

actuators 302a and 3025 so as to make brake fluid shift via
the fluid pressure conduits 303 between the brake devices
1134 and the brake devices 11354. In other words, as the
brake system 700, the vehicle 100 1s provided with the fluid
pressure conduits 303 of the P system and of the S system,
and with the pressure reduction valve 707 (in the S system)
and the pressure reduction valve 1n the P system correspond-
ing thereto that are respectively provided to the fluid pres-
sure conduits 303 of the P system and of the S system. The
fluid pressure conduit 303 of the P system 1s provided
between the wheel cylinder 722 of the brake device 1134
that corresponds to the front wheel 1124 on the right side and
the wheel cylinder 721 of the brake device 1136 that
corresponds to the rear wheel 1125 on the left side, while the
fluid pressure conduit 303 of the S system i1s provided
between the wheel cylinder 723 of the brake device 1134
that corresponds to the front wheel 1124 on the left side and
the wheel cylinder 724 of the brake device 11356 that
corresponds to the rear wheel 1125 on the right side. During
regenerative braking by the motor 109, these pressure reduc-
tion valves are opened, and, along with brake fluid flowing
from the wheel cylinder 722 into the wheel cylinder 721 via
the fluid pressure conduit 303 of the P system, also brake
fluid flows from the wheel cylinder 723 into the wheel
cylinder 724 via the flmd pressure conduit 303 of the S
system. Since this arrangement 1s adopted, therefore 1t 1s
possible to implement brake operation according to this
coordinated regenerative braking control according to a
front and rear wheel braking force correction method for the

vehicle 100.

Embodiment #2

Next, a second embodiment of the present invention will
be explained. In the first embodiment described above, the
brake ECU 102 determines the distribution of target braking
force to the front wheels and to the rear wheels on the basis
of a predetermined 1deal front/rear braking force distribution
line, while giving emphasis to vehicle stability. By contrast,
in the second embodiment that will be explained below, it 1s
made possible, not only to calculate the distribution of target
braking force while giving emphasis to vehicle stability as in
the first embodiment, but also to calculate the distribution of
target braking force while giving emphasis to regeneration
of energy, and 1t 1s made possible to employ one or the other
of these methods of distribution, according to circumstances.
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FIG. 18 1s a figure showing a summary of the coordinated
regenerative braking control according to this second
embodiment. In this embodiment, first, one or the other of
the two types of target braking force distribution above 1s
selected, 1n other words, either a target front/rear braking
force distribution that gives emphasis to vehicle stability, or
a target Iront/rear braking force distribution that gives
emphasis to energy regeneration, 1s selected. This selection
may, for example, be performed by forecasting the stability
of the vehicle 100 during braking, and by performing the
following procedure on the basis of the result of this
forecast.

The target front/rear braking force distribution that gives
emphasis to vehicle stability 1s one that 1s determined on the
basis of the ideal front/rear braking force distribution line
that, as previously described, gives emphasis to stability of
the vehicle. Due to this, when the vehicle 100 1s braked, no
negative influence 1s exerted upon the behavior of the
vehicle 100, so that 1t 1s possible to brake the vehicle 100 1n
a stable manner. On the other hand, with the target front/rear
braking force distribution that gives emphasis to energy
regeneration, enhancement of the regeneration of energy
during braking i1s considered to be a very important goal
from the point of view of energy saving traveling, so that
allocation of braking to the front wheels 112a, 1.e. to the
driving wheels, 1s made as great as possible. However, 1n a
case 1 which an excessive amount of braking force is
allocated 1n this manner to the driving wheels, 11 for example
the frictional coeflicient of the road surface 1s low or during
braking on a curve or the like, or 11 the stability of the vehicle
100 during braking 1s comparatively low, then there 1s a
danger of a negative influence being exerted upon the
behavior of the vehicle 100, such as generation of vehicle
wheel locking, understeering, oversteering, or the like.

Thus, 1n this embodiment, before braking starts, the
stability of the vehicle 100 during braking 1s forecast. If the
result 1s that the stability of the vehicle 100 will be low, then,
as shown on the left side of FIG. 18, the target front/rear
braking force distribution that gives emphasis to vehicle
stability 1s selected. In this case, the target front wheel
braking force and the target rear wheel braking force are
determined by distributing the target braking force on the
basis of the predetermined ideal front/rear braking force
distribution line, according to a method like that explained
in connection with the first embodiment. And coordinated
regenerative braking control 1s performed by the front and
rear wheel braking force correction method.

On the other hand, if 1t 1s forecast that during braking the
stability of the vehicle 100 will be high, then, as shown on
the right side of FIG. 18, the target front/rear braking force
distribution that gives emphasis to energy regeneration 1s
selected. In this case, the target front wheel braking force
and the target rear wheel braking force are determined by
distributing the target braking force on the basis of a
front/rear braking force distribution line that gives emphasis
to regeneration, like the one shown in the figure. This
front/rear braking force distribution line that gives emphasis
to regeneration 1s different from the i1deal front/rear braking
force distribution line previously described, and with 1t the
braking force allocation to the front wheel side 1s set to be
larger, so that the greatest possible amount of regenerated
energy 1s available from the front wheel side, which 1s the
driving wheel side. After target front wheel braking force
and the target rear wheel braking force have been deter-
mined in this manner, coordinated regenerative braking
control 1s performed by a front and rear wheel braking force
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correction method, by performing control similar to that
explained in connection with the first embodiment.

However, even if 1t has been forecast that the stability of
the vehicle 100 during braking will be high, 11 the necessity
for regenerative braking 1s low, as for example when the
battery 107 1s 1n the fully charged state or the like, then 1t 1s
desirable that the target front/rear braking force distribution
that gives emphasis to energy regeneration should not be
selected. By doing this 1t 1s possible to perform selection of
a more appropriate target braking force allocation, according
to the necessity for performing regenerative braking.

The stability of the vehicle 100 during braking can be
forecast on the basis of the state of brake actuation by the
driver of the vehicle 100 and the state of steering actuation,
the state of the road surface over which the vehicle 100 1s
traveling, the speed of the vehicle 100 and 1ts horizontal
acceleration, and so on. The stability of the vehicle during
braking i1s forecast by the brake ECU 102 acquiring this
information from the vehicle 100 as the previously described
vehicle state signals. For example, the brake actuation state
can be acquired from the brake pedal signal, the steering
actuation state can be acquired from the steering angle
signal, and the speed can be acquired from the vehicle speed
signal. By estimating the coeflicient of friction p of the road
surface by detecting the rotational states of the wheels of the
vehicle 100 and so on, by detecting the acceleration in the
horizontal direction with an acceleration sensor mounted to
the vehicle 100, and by outputting this information as the
vehicle state signals, 1t 1s possible for the brake ECU 102 to
acquire the state of the road surface over which the vehicle
100 1s traveling and the horizontal acceleration of the
vehicle 100. If for example the vehicle 100 1s traveling 1in a
straight line upon a road surface that has a high coeflicient
of Iriction u, then 1t 1s possible to forecast from this
information that the stability of the vehicle 100 will be high.

It should be understood that there 1s no need for all of the
information described above to be employed for forecasting
the stability of the vehicle 100 during braking. It 1s possible
to forecast the stability of the vehicle 100 during braking on
the basis of at least one item of information, among the
above mformation, that can be acquired by the brake ECU
102. Moreover, 1t would also be acceptable to arrange for the
stability of the vehicle 100 during braking not to be forecast
by the brake ECU 102, but to be forecast by some other unait,
for example by the integrated ECU 101 or the like, and for
the result of this forecast to be outputted to the brake ECU
102.

FI1G. 19 1s a figure showing a flow chart for processing for
selecting between target braking force distributions like
those explained above. The processing of this flow chart 1s
executed by the target braking force distribution calculation
unit 502 of FIG. 7 in the brake ECU 102, before the
processing of step S602 of FIG. 8.

In step S801, items of immformation of various types are
inputted as decision factors, for example brake stepping on
force, speed, battery SOC, whether or not ABS action 1s
being performed, and so on, and a decision 1s made as to
whether or not to permit the execution of coordinated
regenerative braking on the basis of this information. If the
result 1s that execution of coordinated regenerative braking
1s permitted, then the flow of control proceeds to step S802,
whereas 1f 1t 1s not permitted then the tlow of control 1s
transierred to step S804.

In step S802, the stability of the vehicle 100 during
braking 1s forecast. Here, as previously described, items of
information of various types are mputted as decision factors,
and the vehicle stability i1s forecast on the basis of this
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information. If the result 1s that the vehicle stability 1s
forecast to be satisfactory, then the flow of control proceeds
to step S803, whereas 11 the vehicle stability 1s forecast to be
poor then the flow of control 1s transierred to step S804.

In step S803, items of information of various types are
inputted as decision factors, for example an energy saving
mode signal, battery SOC, information about the distance to
the destination and/or to a charging station, and so on, and
the necessity of increasing the regeneration amount for
energy saving traveling is determined on the basis of this
information. If the result 1s that it 1s not necessary to increase
the regeneration amount, then the tlow of control proceeds
to step S804, whereas if i1t 1s necessary then the flow of
control 1s transferred to step S805.

In step S804, the target front/rear braking force distribu-
tion that gives emphasis to vehicle stability 1s selected.

In step S805, the target front/rear braking force distribu-
tion that gives emphasis to energy regeneration 1s selected.

Aflter step S804 or step S8035 has been executed, the
processing shown in the flow chart of FIG. 19 terminates,
and the processing of step S602 of FIG. 8 and subsequent
steps 1s executed using the target front/rear braking force
distribution that has been selected.

In this embodiment, by applying control logic like that
explained above, 1t 1s possible to implement coordinated
regenerative braking control in which the stability of the
vehicle during braking 1s excellent, and moreover the energy
elliciency 1s excellent.

It should be understood that, in the flow chart of FIG. 19,
it 1s not necessary to perform the decision processing of all
of steps S801, S802, and S803; any of these could be
omitted. By performing at least one of these decision pro-
cessing steps, 1t 1s possible to select the optimum one of the
target front/rear braking force distribution that emphasizes
vehicle stability, and the target front/rear braking force
distribution that emphasizes energy regeneration, and to
determine the target braking force allocation between the
front wheels and the rear wheels using the selected distri-
bution. As a result, 1t 1s possible to change the target braking
force allocation between the front wheels and the rear
wheels according to the prevailing circumstances.

According to the second embodiment of the present
invention explained above, 1 addition to the beneficial
operational effects (1) through (4) explained in connection
with the first embodiment, the following further beneficial
operational effects are obtained.

(5) The target braking force distribution calculation umit
502 forecasts the stability of the vehicle 100 during braking
(step S802), and, on the basis of the result of this forecast,
changes the distribution of the target braking force between
the front wheels 112a, which are the driving wheels, and the
rear wheels 1125, which are the non-driving wheels (steps
S804 and S805). In other words, if 1t 1s forecast that the
stability of the vehicle 100 during braking will be low, then
in step S804 the target front/rear braking force distribution
that gives emphasis to vehicle stability that has been set in
advance to emphasize the stability of the vehicle 100 1is
selected. And, 1 step S602 of FIG. 8, the target braking
force 1s distributed between the front wheels 1124 and the
rear wheels 11256 according to this distribution. Moreover, i
it 1s forecast that the stability of the vehicle 100 during
braking will be high, then in step S805 the target front/rear
braking force distribution that gives emphasis to energy
regeneration that has been set in advance to emphasize
retrieval of energy during regenerative braking is selected.
And, 1n step S602 of FIG. 8, the target braking force 1s

distributed between the front wheels 1124 and the rear
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wheels 1126 according to this distribution. Since these
arrangements are adopted, accordingly 1t 1s possible to

perform the optimum coordinated regenerative braking con-
trol, according to the prevailing circumstances.

(6) In step S802, the target braking force distribution
calculation unit 502 forecasts the stability of the vehicle 100
during braking on the basis of at least one of the state of
brake actuation and the state of steering actuation by the
driver of the vehicle 100, the state of the road surtace over
which the vehicle 100 1s traveling, and the speed and the
acceleration of the vehicle 100. Due to this, 1t 1s possible to
forecast the stability of the vehicle 100 during braking at
high accuracy.

(7) By the target braking force distribution calculation
unit 502 determining upon the necessity of regenerative
braking of the vehicle 100 (in step S803) and executing the
processing ol step S804 or step S805 on the basis of the
result of this forecast, 1t 1s arranged to change the distribu-
tion of the target braking force between the front wheels
112a, which are the driving wheels, and the rear wheels
1125, which are the non-driving wheels. Due to this, it 1s
possible to perform coordinated regenerative braking con-
trol according to the necessity for regenerative braking, and
moreover 1n an appropriate manner.

It should be understood that, in the first and second
embodiments explained above, examples were explained 1n
which the vehicle 100 that was taken as the subject was an
clectrically propelled vehicle of the FF type (front motor—
front drive type), which 1s the most common drive format.
However, the application of the present invention is not to be
considered as being limited to a vehicle of the FF type; the
present 1nvention could also be applied to other drive
formats, for example to a FR type (front motor—rear drive
type) vehicle or to a 4WD type vehicle.

The embodiments and variant embodiments explained
above are only examples; the present invention 1s not to be
considered as being limited by the details thereof, provided
that the essential characteristics of the present invention are
adhered to.

While various embodiments and variant embodiments
have been explained 1n the above description, the present
invention 1s not to be considered as being limited by the
details thereof. Other implementations that are considered to
be within the scope of the technical concept of the present
invention are also included within its range.

The content of the disclosure of the following application,
upon which priority 1s claimed, i1s hereby incorporated
herein by reference:

Japanese Patent Application No. 2012-1047778 (filed on 1
May 2012).

R.
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ERENCE SIGNS LIST

vehicle
integrated ECU
102: brake ECU
109: motor
113a, 11354: brake devices

301: master cylinder

302a, 3025: brake actuators

303: fluid pressure conduit

401: coordinated regenerative braking control unit
402: upstream brake pressure control unit

403: downstream brake pressure control umit

501: target braking force calculation unit

502: target braking force distribution calculation unit
503: target tluid pressure braking force calculation unit
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101:
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504: target upstream pressure braking force calculation
unit

505: target downstream pressure braking force calculation
unit

The mvention claimed 1s:

1. A brake control device mounted to a vehicle that
comprises a pair of driving wheels and a pair of non-driving
wheels, wherein the vehicle comprises:

a plurality of brake devices, one provided to correspond
to each one of the driving wheels and the non-driving
wheels, that provide braking forces to the wheels due to
brake tluid pressures;

a master cylinder that generates a common upstream
brake pressure for the plurality of brake devices:

brake actuators that generate individual downstream
brake pressures for the plurality of brake devices on the
basis of the upstream brake pressure; and

a regenerative braking unit that performs regenerative
braking for the driving wheels;

wherein the brake control device controls the upstream
brake pressure and the downstream brake pressures so
that, during regenerative braking by the regenerative
braking unit, the downstream brake pressures to the
plurality of brake devices corresponding to the driving
wheels are reduced to be lower than the upstream brake
pressure, and the downstream brake pressures to the
plurality of brake devices corresponding to the non-
driving wheels are increased to be higher than the
upstream brake pressure.

2. A brake control device according to claim 1, wherein:

the master cylinder supplies brake fluid to the plurality of
brake devices 1 a flow amount corresponding to the
upstream brake pressure;

the brake actuators supply brake tfluid supplied from the
master cylinder to the brake devices corresponding to
the driving wheels while decreasing the amount thereof
by a decrease amount that corresponds to the down-
stream brake pressure, and supply brake tluid supplied
from the master cylinder to the brake devices corre-
sponding to the non-driving wheels while increasing
the amount thereof by an increase amount that corre-
sponds to the downstream brake pressure; and

the brake control device controls the upstream brake
pressure and the downstream brake pressures so that
the difference between the decrease amount of brake
fluid supplied to the brake devices that correspond to
the driving wheels, and the increase amount of brake
fluid supplied to the brake devices that correspond to
the non-driving wheels, 1s within a predetermined
range.

3. A brake control device according to claim 1, compris-

ng:

a target braking force calculation unit that calculates a
target braking force;

a target braking force distribution calculation unit that
distributes the target braking force to the driving
wheels and the non-driving wheels, and that calculates
a target braking force for the driving wheels and a
target braking force for the non-driving wheels;

a target tluid pressure braking force calculation unit that
acquires a target regenerative braking force for the
driving wheels, and that calculates a target tluid pres-
sure braking force for the dniving wheels on the basis
of the target braking force for the driving wheels and
the target regenerative braking force that has been
acquired;
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a target upstream pressure braking force calculation unit
that calculates a target braking force corresponding to
the upstream pressure, which corresponds to the target
value for the upstream brake pressure, on the basis of
the target fluid pressure braking force and the target
braking force for the non-driving wheels;

an upstream brake pressure control unit that controls the
upstream brake pressure on the basis of the target
braking force corresponding to the upstream pressure;
and

a downstream brake pressure control unit that controls the
downstream brake pressures of the brake devices cor-
responding to the driving wheels on the basis of the
target fluid pressure braking force for the driving
wheels, and also controls the downstream brake pres-
sures of the brake devices corresponding to the non-
driving wheels on the basis of the target braking force
for the non-driving wheels.

4. A brake control device according to claim 3, wherein
the target braking force distribution calculation unit fore-
casts the stability of the vehicle during braking, and changes
the distribution of the target braking force to the dniving
wheels and to the non-driving wheels on the basis of the
result of that forecast.

5. A brake control device according to claim 4, wherein,
when the stability of the vehicle during braking is forecast
to be low, the target braking force distribution calculation
unit distributes the target braking force to the driving wheels
and to the non-driving wheels according to a distribution set
in advance that gives emphasis to stability of the vehicle.

6. A brake control device according to claim 4, wherein,
when the stability of the vehicle during braking 1s forecast
to be high, the target braking force distribution calculation
unit distributes the target braking force to the driving wheels
and to the non-driving wheels according to a distribution set
in advance that gives emphasis to retrieval of energy during
regenerative braking.

7. A brake control device according to claim 4, wherein
the target braking force distribution calculation unit fore-
casts the stability of the vehicle during braking on the basis
ol at least one of the state of brake actuation and the state of
steering actuation by the driver of the vehicle, the state of the
road surface over which the vehicle 1s traveling, and the
speed and the acceleration of the vehicle.

8. A brake control device according to claim 3, wherein
the target braking force distribution calculation umt decides
upon the necessity of regenerative braking of the vehicle,
and changes the distribution of the target braking force to the
driving wheels and to the non-driving wheels on the basis of
the result of this decision.

9. A brake control device according to claim 1, wherein:

the vehicle comprises a conduit that 1s disposed between
a brake device corresponding to the driving wheel and
a brake device corresponding to the non-driving wheel;
and
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the brake control device controls the brake actuators so
that brake tluid shiits via the conduit between the brake
device corresponding to the drniving wheel and the
brake device corresponding to the non-driving wheel.

10. A brake control method for a vehicle that comprises a

pair of driving wheels and a pair of non-driving wheels,
wherein the vehicle comprises:

a plurality of brake devices, one provided to correspond
to each one of the driving wheels and the non-driving
wheels, that provide braking forces to the wheels due to
brake fluid pressures;

a master cylinder that generates a common upstream
brake pressure for the plurality of brake devices;

brake actuators that generate individual downstream
brake pressures for the plurality of brake devices on the

basis of the upstream brake pressure;

a regenerative braking unit that performs regenerative
braking for the driving wheels; and

a brake control device that controls the upstream brake
pressure and the downstream brake pressures;

wherein, during regenerative braking by the regenerative
braking unit, the upstream brake pressure and the
downstream brake pressures are controlled by the brake
control device, so that the downstream brake pressures
to the plurality of brake devices corresponding to the
driving wheels are reduced to be lower than the
upstream brake pressure, and the downstream brake
pressures to the plurality of brake devices correspond-
ing to the non-driving wheels are increased to be higher
than the upstream brake pressure.

11. A brake control method according to claim 10,

wherein the vehicle further comprises:

a first conduit system that 1s provided between a brake
device corresponding to a right side driving wheel and
a brake device corresponding to a left side non-driving,
wheel:;

a second conduit system that i1s provided between a brake
device corresponding to a left side driving wheel and a
brake device corresponding to a right side non-driving
wheel; and

control valves provided for each of the first conduit
system and the second conduit system;

wherein, during regenerative braking by the regenerative

braking umt, the control valves are opened, so that
brake fluid flows 1n via the first conduit system from the
brake device corresponding to the right side driving
wheel to the brake device corresponding to the left side
non-driving wheel, and brake fluid tlows in via the
second conduit system from the brake device corre-
sponding to the left side driving wheel to the brake
device corresponding to the right side non-driving
wheel.
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